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Abstract
Lucanus cervus is one of the most charismatic saproxylic beetles, widely distributed in Europe. The spe-
cies is typical of mature deciduous forests, especially oak woodlands. Loss and fragmentation of suitable 
habitats is one of the major threats for this species which is included in Annex II of the Habitats Directive. 
Despite several studies carried out in the last years for the monitoring methods of the species, an analytical 
comparison between them is still lacking.
The aims of this paper are (i) to review the current knowledge about systematics, ecology and con-
servation practices on L. cervus and (ii) to present the research carried out during the Life MIPP project, 
in order to define a standard monitoring method with a suitable protocol to be used for addressing the 
obligations of the Habitats Directive. Overall, five methods were tested during three years in two different 
study areas. Based on these results, a suitable standard method for L. cervus is proposed in this paper and, 
in order to assess the conservation status of populations and to compare them over time, a simple method 
for the calculation of a reference value is provided.
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Introduction
Lucanus cervus (Linnaeus, 1758), belonging to the family Lucanidae, is the largest sap-
roxylic beetle in Europe. Populations of this species inhabit mature deciduous forests, 
especially the lowland and medium-altitude oak woodlands having rotten dead wood 
at ground level. Lucanus cervus is considered a flagship species and is included in An-
nex II of the Habitats Directive (Council Directive 92/43/EEC of 21 May 1992 on 
the conservation of natural habitats and of wild fauna and flora). The Habitats Direc-
tive provides that Member States prepare, every six years, a report on the conservation 
status of the species listed in the Annexes. In order to address this obligation, the Life 
Project “Monitoring of insects with public participation” (LIFE11 NAT/IT/000252) 
(Mason et al. 2015) (hereafter, MIPP) conducted experimental fieldwork to develop 
a standardised method for the monitoring of the saproxylic beetle species of the pro-
ject: Osmoderma eremita (hermit beetle, Scarabaeidae), Lucanus cervus (European stag 
beetle, Lucanidae), Cerambyx cerdo (great capricorn beetle, Cerambycidae), Rosalia al-
pina (rosalia longicorn, Cerambycidae), Morimus asper/funereus (morimus longicorn, 
Cerambycidae).
The present paper is part of a special issue on the monitoring of saproxylic beetles 
protected in Europe and is dedicated to L. cervus. Therefore, it starts with an indepth re-
vision of the current knowledge on systematics, distribution, ecology, ethology and con-
servation. The review is followed by a detailed account of the fieldwork carried out dur-
ing the project and concludes with the description of the proposed monitoring method.
Systematics and distribution
Lucanus Scopoli, 1763 is a genus of scarabaeoid beetles of the family Lucanidae (stag 
beetles), subfamily Lucaniinae. The family includes about 1,700 species distributed 
worldwide (Fujita 2010, Bartolozzi et al. 2014). The holarctic genus Lucanus accounts 
for some 70 species, mostly in Eurasia, from the Iberian Peninsula to Japan and In-
dochina. Taxonomy and phylogeny of the genus are far from being fully resolved and 
several species are difficult to separate from closely related taxa.
In Europe, following the most recent taxonomic reviews (Bartolozzi et al. 2016a, 
2016b), five different species have so far been recorded (Figure 1): Lucanus barbarossa 
Fabricius, 1801 (previously in the discussed subgenus Pseudolucanus Hope & West-
wood, 1845; Iberian Peninsula and northwestern Africa, reaching northwards to the 
extreme SW France); L. cervus (Linnaeus, 1758) (most of Europe); L. pontbrianti Mul-
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Figure 1. The five European species of Lucanus: A L. cervus female (Dresden, Germany; photo by I. 
Belousov) B L. cervus male (Schweinfurt, Germany; photo by U. Schmidt) C L. pontbrianti male (La 
Cadière, France; photo by S. Bambi and L. Bartolozzi) D L. tetraodon male (Cosenza province, Italy; 
photo by S. Bambi and L. Bartolozzi) E L. ibericus male (Dagestan, Russia; photo by I. Belousov) F L. 
barbarossa male (N Spain; photo by M. Zilioli).
sant, 1839 (central-southern France and N Spain; only recently considered a distinct 
species, clearly separated from the related L. cervus: see Tronquet 2014, Fernández de 
Gamboa and Garzón 2009); L. tetraodon Thunberg, 1806 (Peninsular Italy, Corsica 
and Sicily, with old records from Sardinia and relict populations in NE Spain (Atarés) 
and S France (Janas Forest); also mentioned from Algeria and even the Balkans, prob-
ably confused with the next species); L. ibericus Motschulsky, 1845 (Albania, Greece, 
Turkey, Caucasus, eastwards to Iran).
In particular, L. cervus, is widely spread throughout Europe, reaching northwards 
to the southernmost counties of Great Britain and Sweden, and southwards to the 
northern parts of the Iberian Peninsula, the central regions of the Italian peninsula, 
the Greek mainland and Anatolia (Franciscolo 1997, Bartolozzi and Sprecher-Ueber-
sax 2006, Harvey et al. 2011a). The eastern and southeastern borders of its range are 
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not well known as the taxonomic status of the populations of Near and Middle East 
has still to be defined. The easternmost populations seem to extend to the Caucasus 
mountain slopes while the southernmost populations find their last refuges in some 
elevations of the Levant (Franciscolo 1997, Bartolozzi and Sprecher-Uebersax 2006, 
Harvey et al. 2011a, Cox et al. 2013, Bartolozzi et al. 2016a, 2016b). Further mo-
lecular analyses are certainly needed on these eastern populations to better understand 
their actual taxonomic position. As for taxonomic problems involving the correct 
identification of certain populations of L. cervus and L. tetraodon from Central Italy, 
refer to Solano et al. (2016), and to the discussion in the paragraph “Identification 
and comparison with similar taxa”. In fact, L. tetraodon replaces L. cervus in southern 
Italy, Corsica and Sicily (Miksic 1959a, 1959b, 1961, Franciscolo 1997, Lapiana and 
Sparacio 2006, Santoro et al. 2009) but there is a well-documented area of overlap-
ping in central Italy, where the two species often live in syntopy (Bartolozzi 1986, 
Bartolozzi and Maggini 2007, Cortellessa et al. 2014, Solano et al. 2016) and many 
specimens (purported to be hybrid) exhibit intermediate morphological characters 
between the two species (Santoro et al. 2009). In the last dozen years, some records 
of L. tetraodon in Emilia-Romagna (Fabbri 2010), Liguria (Bartolozzi and Maggini 
2007) and Lombardy (Zilioli and Pittino 2004) have extended the Italian distribu-
tion range northwards, while in Sardinia, the species has not been found recently 
(Carpaneto et al. 2011b).
A summary of the Italian localities reported for both L. cervus and L. tetraodon is 
presented in Figure 2.
Morphology
The larval instars of the stag beetles do not differ substantially in shape but show a 
marked increase in size: from 5 mm of a new born larva, up to 10–11 cm in length 
of the last larval instar (Franciscolo 1997, Percy et al. 2000). The larva hatches from a 
subspherical (4 mm in diameter) and ivory coloured egg (Figure 3). The typical Luca-
nid larva (Figure 3) is whitish or creamy, soft, oligopod, roughly “C-shaped” in lateral 
view, without transverse folds in the abdominal segments and with a longitudinal anal 
slit. Head capsule is large, from reddish-brown to orange, more sclerified than body. 
Ocelli and ommata are absent, antennae rather elongated and pubescence only just de-
veloped in the anterior portion of body. The nine pairs of spiracles are moderately de-
veloped (the first one is larger and wider than the others), roughly “C-shaped” (Figure 
3). Larvae have a typical stridulatory apparatus, formed by two sclerified organs on the 
second and third leg pairs respectively. A pair of soft, gibbose and translucid oval pro-
tuberances, occurs at the abdominal apex in dorsal-posterior view (Figure 3), these be-
ing larger and closer to each other in their inner portions, in Lucanus, when compared 
with those present in the much smaller larvae of the lucanid genus Dorcus MacLeay, 
1819. The ventral side of the distal abdominal portion of larvae exhibits a large group 
of short brownish bristles (widely convergent to form a roughly “U-shaped” figure), 
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Figure 2. Distribution in Italy of the Lucanus species (red dots: L. cervus; grey dots: L. tetraodon; blue 
dots: both species; grey squares: recent data of L. tetraodon by Zilioli and Pittino 2004, Fabbri 2010). 
(Bartolozzi and Maggini 2007, modified by the Authors).
much denser, stronger and numerous than in Dorcus. Additionally, the mandibles of 
Lucanus larvae are larger and more curved distally, while those of Dorcus are smaller 
and almost parallel-sided (Figure 4).
The pupa is exarate, i.e. showing free appendices, including the large mandibles of 
the adult males (Figure 3).
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Figure 3. Pre-imaginal stages of Lucanus cervus: A egg (photo by C. Molls) B mature larva in lateral view 
(photo by M. Przewoźny) and detail of the apex of the abdomen in posterior view (photo by M. Fremlin) 
C Pupa of a male in lateral view (photo by M. Fremlin).
Figure 4. Head capsule, mandibles and relative size of lucanid larvae: A Dorcus parallelipipedus B Lu-
canus cervus (photo by M. Fremlin).
Adults of L. cervus, chiefly males, exhibit a strong morphological variability in 
shape and size of several characters, more or less uniformly expressed throughout the 
whole geographic range of the species, as shown in Figure 5.
These adults are 25–89 mm long (ca. 25–49 mm in females; ca. 30–89 mm in 
males), including the mandible length. The colour varies from reddish-brown to very 
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Figure 5. Polymorphism in Lucanus cervus males (all specimens from northern Italy; photo by M. Zilioli).
dark brown, almost black. Frequently, males exhibit reddish elytra and mandibles con-
trasting with the dark colour of the other body parts, even though the smallest speci-
mens are more uniformly and blackish coloured. The antennal club exhibits four (or 
more rarely five) antennomeres, usually more abruptly enlarged when compared to the 
last antennomere just before the club. The species exhibits a strong sexual dimorphism: 
the male has large mandibles, longer than its head, while the female has much shorter 
mandibles, not longer than its head.
In males, the mandibles of L. cervus are characterised by the position of the largest 
inner tooth which lies in the distal half of the mandible or close to the middle of the 
mandible. Using a traditional morphometric approach, Romiti et al. (2015) highlight-
ed the presence of two morphological classes: large males (which invest significantly 
more in mandibles and head size) and minor males. Furthermore, a geometric mor-
phometric approach revealed that smaller males show highly variable mandibles (usu-
ally less curve dorsoventrally, thickset, with barely outlined teeth and a head without 
prominent basal edges) whereas larger males exhibit less variable mandibles (slender 
and equipped with fully developed median teeth, and deep, divaricate apical forks, 
supported by wide head basal edges) (Romiti et al. 2016).
Identification and comparison with similar taxa
The genus Lucanus is easily distinguishable from all other genera of European Lucani-
dae, while the specific distinction amongst closely related congeneric species is often 
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problematic (Figure 1). Hereinafter a brief comparison of the five Lucanus species is 
presented, mainly focused on male diagnostic features.
Lucanus tetraodon (Figure 1), is on average smaller (26–52 mm in length) than 
L. cervus, as well as the size of the mandibles in males. The position of the largest 
inner tooth lies in the proximal half of the mandible, sometimes very near to the 
base. The antennal club is usually made up of the last 5 or 6 (rarely 7) antennomeres, 
gradually enlarged, when compared to the last antennomere just before the club. As 
discussed above, these characters are not always diagnostic (see Figure 6) in central 
Italy where L. cervus and L. tetraodon frequently overlap and probably exhibit phe-
nomena of past hybridisation (Solano et al. 2016). This phenomenon occurs mostly 
in areas between the provinces of Viterbo and Rome in Latium, as well as between 
the provinces of Perugia and Terni in Umbria. In this geographic area, there are 
very large intermediate individuals with huge mandibles (such as in larger L. cervus 
specimens) but with five or six antennomeres in the club and with the last inner 
tooth near to the mandible base (as is usual in L. tetraodon). In addition, the shape 
of the male genitalia is not very useful for distinguishing the two species, although 
they always appear markedly separated by molecular analyses, even when apparently 
“intermediate” sympatric forms are analysed. In fact, most “intermediate” specimens 
from central Italy univocally resulted in being L. cervus from a molecular point of 
view (Solano et al. 2016; Figure 6).
Lucanus pontbrianti (Figure 1) is 25–55 mm in length. The mandibles of the males 
are smaller than males of L. cervus, as well as the inner tooth, positioned between the 
middle and the distal third of the mandible. Additionally, the distal portion of the 
mandibles is much more slender, with apex almost simple or only minutely and ob-
tusely forked than L. cervus. Finally, in the males of L. pontbrianti, the antennal club 
is proportionally markedly larger and longer than in L. cervus and made up of the last 
5–7 antennomeres.
Lucanus ibericus (Figure 1) is 27–51 mm in length. The mandibles of the males 
have usually smaller and more slender distad than L. cervus, with apex not markedly 
forked. The inner tooth is positioned near to the middle of the mandible. The most 
relevant diagnostic character between the two species is perhaps represented by the 
relative size of the antennal club, its length being ca. 1/4–1/5 of the fore tibiae in males 
in L. cervus (where it is made up of the last 4 or 5 antennomeres), while it is usually 
much larger (made up of the last 6 antennomeres) and a little shorter than 1/2 of the 
fore tibiae in males of L. ibericus.
Lucanus barbarossa (Figure 1) is on average smaller (28–48 mm in length) than L. 
cervus. The mandibles are almost without teeth along their inner edge and their distal 
portion is much more slender and almost simple, arcuately pointed. L. barbarossa 
exhibits a larger relative size of the antennal club (coupled with distinctly shorter an-
tennal scape); its dorsal body surface is much shinier, the pronotum is more arcuately 
shaped at sides and the anterior portion of the head between the eyes and the base of 
the mandibles is proportionally longer and much more regularly and arcuately shaped 
than in L. cervus.
Guidelines for the monitoring of Lucanus cervus 45
Figure 6. L. cervus from a contact area with L. tetraodon in Central Italy (Northern Latium, northern 
Rome province, Manziana; photo by M. Zilioli).
Ecology
Lucanus cervus inhabits mature deciduous forests, especially the lowland and medium-
altitude oak woodlands (Campanaro et al. 2011a) but can also occur in urban habitats 
(e.g. city parks, private gardens) (Franciscolo 1997, Hawes 2008, Harvey et al. 2011a). 
The altitudinal range varies from sea level to 1,000 m a.s.l. (Campanaro et al. 2011a), 
it has been reported up to 1,700 m in Bulgaria (Harvey et al. 2011a).
The larvae are xylophagous, feeding on rotten dead wood at ground level (e.g. 
under stumps and fallen logs or amongst the roots of standing dead trees) (Franciscolo 
1997, Campanaro et al. 2011a). In urban habitats, the larvae can also be found in 
small wood sources (e.g. bark chippings, fence posts, railway sleepers) (Harvey et al. 
2011a). A massive suitable habitat can be exploited by several generations of larvae for 
several years, until the complete disintegration of it (Franciscolo 1997).
The host plants of the larvae belong to the genera Quercus, Fagus, Salix, Populus, 
Tilia, Aesculus, Ulmus, Pirus, Prunus and Fraxinus (Franciscolo 1997) but also Cas-
tanea, Alnus and Pinus (Harvey et al. 2011a). Amongst these, oaks and in particular, 
the English oak (Quercus robur), seem to be their favourites (Harvey et al. 2011a) and 
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Tini et al. (2017a) reported that L. cervus can also develop within suitable substrates of 
the allochthonous northern red oak (Quercus rubra).
Two species belonging to Diptera Phoridae, Megaselia rufipes (Meigen, 1804) and 
Aphiocheta rufipes (Meigen, 1830), were reported by Franciscolo (1997) as parasitoids 
of the stag beetle larvae. Although some mites can attack larvae and pupae, they tend 
to pursue adult stag beetles when they are still within their emergence galleries (Fran-
ciscolo 1997).
The main predators of larvae and pupae of stag beetle are the wild boar (Sus scrofa) 
and the badger (Meles meles) (Harvey et al. 2011a, Chiari et al. 2014).
The imagines of L. cervus usually emerge from the ground in May and males about 
a week before females (Harvey et al. 2011a). Emergence is influenced by local climate 
and can occur early (late April) or later, e.g. in cooler countries such as Sweden or 
regions with wet springs such as Switzerland (Harvey et al. 2011a). The phenology of 
the species has been described in several studies carried out in Europe, mainly related 
to specific monitoring methods (e.g. collection of remains of predation or sightings 
along a transect). In Belgium, adults have been sighted from the end of June to the 
second half of August (Campanaro et al. 2016). In Germany, Rhineland-Palatinate 
region, adults have been found from mid-May to mid-June (Rink and Sinsch 2011). 
Data from Italy showed a restricted or expanded phenology in 3 distinct areas: western 
Alps (329–622 m a.s.l.) from mid-June to mid-July (Chiari et al. 2014), northern 
Apennines (about 700 m a.s.l.) from the last week of June to the first week of August 
(present work) and central Po plain (about 25 m a.s.l.) from mid-May to the second 
half of August (Campanaro et al. 2011b, Corezzola et al. 2012). Data gathered by 
citizens (Campanaro et al. 2017), showed an overall phenology of the species for the 
whole of Italy from the beginning of May to the beginning of September. In Poland, 
Campanaro et al. (2016) reported data from mid-June to mid-August. In Slovenia, 
Vrezec (2008) analysed data from the first half of May to the second half of August 
(but only few and isolated data between the end of March and the first half of April 
and for the second half of September have also been reported). In Spain, Asturias re-
gion, Álvarez Laó and Álvarez Laó (1995) reported data from the second half of June 
to the first half of September. Campanaro et al. (2016), for the central Iberian region 
(Guadarrama Range), reported data from the beginning of June to the second part of 
July. In Switzerland, Sprecher-Uebersax and Durrer (1998), reported data from May to 
July. In the United Kingdom, Harvey et al. (2011b) reported data from the last week 
of May to the first week of August.
The adults are mainly active at dusk and there is a seasonal peak of activity, related 
to the night swarming of males which are seeking females for mating (Franciscolo 
1997). This peak can vary from the end of May (beginning of June) to the end of June 
(Campanaro et al. 2016). In Italy, data from northern Apennines show a later peak of 
activity, close to mid-July (present work).
The flight arrangement is characteristic: the males (and mainly the “majors”, with 
large mandibles) keep the body close to the vertical position to balance head weight 
and fly slowly along straight lines (few corners and wide-ranging) with several height 
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variations; females, characterised by a small head armed with a short mandible, keep 
the body much less vertical (Franciscolo 1997). Take off requires a vertical position 
above ground, such as from the trunk and branches of trees or shrubs (Rink and Sinsch 
2007). Flights will be avoided during heavy rain or strong winds (Campanaro et al. 
2011a). Concerning temperature, Rink and Sinsch (2007) observed that stag beetles 
are able to fly within a range of 11°C to 26°C and inferred that their flight was hin-
dered over 27°C. Harvey et al. (2011a) reported a mean threshold temperature for 
flight of 14.32°C (temperature range: 11–18°C). A recent radiotelemetric study at 
Bosco della Fontana, reported flying events within a temperature range of 18–28.7°C 
and a humidity range of 49–92.9% (Tini et al. in press).
About vertical use of space, females usually stay at ground level while males are more 
often sighted in flight, up to the canopy layer (Franciscolo 1997, Harvey and Gange 
2006, Campanaro et al. 2016, Bardiani et al. 2017). Nevertheless, capture data for fe-
males found in canopy have also been reported (Bardiani et al. 2017). Both sexes feed on 
sap runs on tree trunks or on sugary substances (Franciscolo 1997, Fremlin and Hendriks 
2011, Harvey et al. 2011a, Jansson 2011, Trizzino et al. 2013, Bardiani et al. 2017).
When more than one male detect a female, they fight amongst themselves (Fran-
ciscolo 1997). If body size of males is an advantage in a fight, it is not always the case 
in mating success (Franciscolo 1997, Harvey and Gange 2006). In fact, mating suc-
cess depends on the “male:female” body size ratio (optimum value: 1.4) as the larger 
males are often unable to breed with females (Harvey and Gange 2006). Many verte-
brates are predators of adult stag beetles, such as the shrew (Sorex araneus), fox (Vulpes 
vulpes), magpie (Pica pica), hooded crow (Corvus corone cornix), woodpeckers, kestrel 
(Falco tinnunculus) and owls (Franciscolo 1997, Campanaro et al. 2011b, Harvey et 
al. 2011a). Predation by the Eurasian jay Garrulus glandarius was observed in two lo-
calities of central Italy (Audisio and Carpaneto, unpublished data). Recently, Fremlin 
(http://maria.fremlin.de/stagbeetles/spiders.html, 2015, accessed 27 September 2016) 
reported predation of L. cervus by the false widow spider (Steatoda nobilis).
After mating, the female digs a deep gallery (up to 70–100 cm) into the soil, close 
to suitable substrates for larval development (e.g. tree roots, rotten wood) (Franciscolo 
1997, Harvey et al. 2011a). The clutch size is about twenty eggs (Franciscolo 1997) 
with a range of 15–36 eggs (Harvey et al. 2011a). Females can carry out more rounds 
of oviposition, producing a total of 50–100 eggs (cf. Franciscolo 1997) and they can 
choose additional nest sites (Tini et al. 2017a, 2017b). Lucanid females release a se-
cretion (housed in a structure called mycangium) near the laid eggs (Tanahashi et al. 
2010). The secretion contains yeast that will be eaten by the larvae during their first 
meal: in this way, the larvae acquire yeast for the digestion of wood. After the last 
oviposition, the female does not re-emerge from the ground but she dies in situ (see 
Franciscolo 1997).
Data about larval and pupal stages (e.g. number and duration of instars) are dif-
ficult to obtain in nature or related to incidental occasions (Harvey et al. 2011a). The 
majority of available data come from captive beetles whose breeding is obtained by 
simulating their natural habitat conditions.
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The incubation time for eggs varies from 14 (cfr. Franciscolo 1997) to 45 days 
(Harvey et al. 2011a). After this time, a small larva hatches using its mandible to 
break the eggshell (Franciscolo 1997). Larva usually develops in four years (range be-
tween 3 and 6 years) (Harvey et al. 2011a), through 3 instars (Fremlin and Hendriks 
2014). Franciscolo (1997) also reports a higher duration for larval development, in 
particular for specimens of larger dimensions, whereas Fremlin and Hendriks (2014) 
reported some cases of a shorter duration (2 years). At the end of its development, the 
larva moves from the wood to the soil (at 20 cm depth) where it builds a cocoon (of 
soil and sand) for its pupation. During the preparation of the cocoon, the larva lines 
the wall with secretion from its gut (Hendriks and Fremlin 2012) and spreads the 
symbiotic yeasts (Fremlin and Tanahashi 2015). After hatching, the female everts the 
mycangium and sweeps the abdomen: this movement allows the mycangium to touch 
the cocoon wall and take up symbiotic yeasts (Fremlin and Tanahashi 2015). The 
pupal stage lasts on average 44 days (range from 28 to 60 days) at the end of summer: 
from the end of July by Harvey et al. (2011a), from the end of August by Franciscolo 
(1997). The adult is completely formed in autumn but it overwinters inside the co-
coon and emerges from the ground in spring (Franciscolo 1997). The duration of the 
adult active period varies from a few weeks up to three months: Harvey et al. (2011a) 
reports an average period of 8 weeks for the males (range of 6–10 weeks; data from 
9 countries) and 12 weeks for females (range of 8–14 weeks; data from 9 countries). 
Males of adult stag beetles, breeding in captivity, survive up to 200 days and female 
even more (cfr. Franciscolo 1997).
Threats
Lucanus cervus is protected by the Bern Convention (Annex III) and by the Habitats 
Directive (Annex II) (L. pontbrianti, recently reconsidered as a valid species by the 
splitting of L. cervus, should also be protected). The species is listed in the Red List 
of the European saproxylic beetles under the category Near Threatened (Nieto and 
Alexander 2010). In the Red List of Italian saproxylic beetles (Audisio et al. 2014, 
Carpaneto et al. 2015), it appears under the category Least Concern, because, on the 
basis of actual knowledge of the species in Italian territory and following IUCN cri-
teria (such as population abundance and distribution area), the species should not be 
considered in a critical state. Following Harvey et al. (2011a) the species is rare if the 
entire range in Europe is considered where it seems to have a negative trend, mainly as 
a consequence of habitat loss: from comparison of data, taken in different periods, the 
species appears to be decreasing not for the area of occupancy (number of detection 
sites and population abundance) but for the extent of occurrence (range size).
According to Nieto and Alexander (2010), L. cervus is threatened principally by 
the decrease in the mean tree age in forests which is mainly due to intensive manage-
ment and over-exploitation especially in eastern Europe. The consequence of this is the 
loss of the forests’ dead wood and of old trees which are the required habitats for the 
species to complete its life cycle.
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A not insignificant threat is due to the increase in predation rate by opportunistic 
species of birds (magpie, jay and crow) which show a marked demographic growth in 
anthropogenic environments (Carpaneto et al. 2015).
From the studies of Rink and Sinsch (2011), the rise in temperature could rep-
resent another threat to the continuation of stag beetle populations in Europe: hot 
temperatures above 27°C hinder the flight activity of these beetles during the mating 
season and drought could hamper the emergence of the adults in spring.
Review of monitoring experience in European countries
During the last years, different methods for the monitoring of L. cervus have been 
tested in many European countries.
The method based on counting the remains of adults killed by vehicles has been 
used in Spain by Álvarez Laó and Álvarez Laó (1995) and by Proyecto Ciervo Volante 
(1995). The count of roadkills has also been tested in Belgium (Thomaes 2008) and 
in the United Kingdom by Hawes (2005) and by Harvey et al. (2011b), with the aim 
of obtaining presence/absence data for the area and for assessing the local abundance 
of the species.
Counts of predation remains have been tested in Belgium by Kervyn (2006) 
(searching on the ground or inside owl pellets) in Germany by Malchau (2006) and in 
Italy by Campanaro et al. (2011b).
The use of transects for sighting of adults in the evening has been tested in Spain 
(Proyecto Ciervo Volante 1995), in Bulgaria (Anonymous 2005), in Belgium (Kervyn 
2006), in Slovenia (Vrezec et al. 2012), in Italy (Campanaro and Bardiani 2012, Chiari 
et al. 2014) and in Romania (Fusu et al. 2015).
The counts of living adults have been tested in Germany by Malchau (2006) and 
in Italy by Chiari et al. (2014) (visual encounter surveys). Another method, consist-
ing of surveys of trunks during the night by counting living adults, has been tested in 
Slovenia by Vrezec et al. (2012).
Interception traps have been tested in Belgium (Kervyn 2006) and pitfall traps (on 
the ground and in trees) have been tested in Slovenia by Vrezec et al. (2012).
The use of attractive baits has been associated with different traps. In Spain, 
GTLI (2005) used interception window traps, pitfall traps and aerial (bottle) traps 
baited with fruit, slices of ginger or liquids such as wine or beer (for bottle traps). 
In Germany, Malchau (2006) used traps baited with a mixture of fruit and alco-
hol. In Slovenia (Vrezec and Kapla 2007) and in Belgium (Thomaes 2008), pit-
fall traps, baited with fruit and ginger respectively, have been used. In the United 
Kingdom, Harvey et al. (2011b) tested many different baits (alcoholic and sugary 
liquids, chemical compounds, fruit, roots, vegetables) using laboratory and field 
tests (by interception window traps and pitfall traps). In Sweden, different com-
pounds, made from sugar, yeast and enzymes combined with oak leaves or bark, 
have been tested in the field by Jansson (2011). In Italy, a subset of baits tested by 
Harvey et al (2011b) has been tested by Chiari et al. (2014) with the same traps, 
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whereas Bardiani et al. (2017) tested two different alcoholic-sugary mixtures with 
aerial (bottle) traps.
Experiments, using acoustic detection of larvae, have been carried out in the Unit-
ed Kingdom by Harvey et al. (2011b) using a technique that requires sophisticated 
equipment and has not yet been tested in the field.
As the exaggerated mandibles and the large body size of L. cervus males enable it to 
attract people’s attention, the stag beetle could be a good subject for educational cam-
paigns and citizen science projects for the conservation of forests and organisms which 
live inside these habitats (Carpaneto et al. 2015). Since 1994, distribution data for the 
species have been gathered with the help of citizens in Spain (Proyecto Ciervo Volante 
1995) and since 1998, in the United Kingdom (Percy et al. 2000, Smith 2003, 2011). 
In France, the ONG Office pour les insectes et leur environnement (OPIE) launched 
another citizen science project for L. cervus and gathered the sightings made by people 
through a web portal. In Switzerland,  gathering data during the reproductive season 
of 2003 confirmed the previous knowledge about the distribution of the species in the 
Ticino and its phenology in the north-western Alps (Moretti and Sprecher-Uebersax 
2004). In the Netherlands, Smit and Krekels (2006), made a public announcement 
with the aim of collecting observations from people: they provided a distribution map 
and images of the stag beetle to the public in order that they learn to recognise the 
species. In Italy, Zapponi et al. (2017) reported the preliminary results about MIPP 
citizen science, to show the efficacy of citizens’ contribution in obtaining reliable data 
on the distribution of the stag beetle in the country.
Despite the large numbers of national monitoring studies, up to 2010 there have 
been few collaborative initiatives at international level. A revision of bionomics and 
distribution of L. cervus was carried out by Harvey et al. (2011a), gathering informa-
tion from more than forty European and Asian countries and opening the way for 
the collaborative study published more recently by Campanaro et al. (2016). In this 
study, carried out by a team of researchers from eight European countries (Belgium, 
Germany, Italy, Poland, Slovenia, Spain, Switzerland and United Kingdom), a stand-
ard monitoring method was used to compare some aspects of the population ecology 
of the species by using the evening transect method. The study of Campanaro et al. 
(2016) represented an essential step in the choice of a standard method applicable at 
European level.
Methods
At the beginning of the project (see Carpaneto et al. 2017), a selection was made from 
the known monitoring methods and four methods were selected: Sighting individuals 
along transects at dusk, Collecting remains of predation along transects, Capturing in-
dividuals in selected points at dusk (changed to Capturing individuals along transects 
at dusk, after the first year) and Baited traps. In order to find the most appropriate 
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standard monitoring method (quick, cheap, replicable protocol over the years and in 
different sites, easy and high detection of the species, high number of contacts in order 
to assess population abundance), a comparison of the selected methods has been car-
ried out in two different study areas for three years. The methods and the sampling 
plan are detailed below.
Sighting individuals along transects at dusk
The method (hereafter: Sightings) is based on transect walks as described by Cam-
panaro et al. (2016). Each transect is 500 m long and, from the centre of the path, 
must allow sighting up to 5 m on both sides (on the whole 10 m wide). The transect 
should follow landscape features such as roads, paths or forest edges, where the tree 
canopy over the whole transect (or most of it) should be sufficiently open to allow 
acceptable light conditions at dusk (Figure 7). The walk starts 15 minutes before the 
sunset and lasts 30 minutes on the whole. The 500 m length is divided into 5 sectors 
of 100 m, so that each one is walked in 6 minutes. Each “hundred metres’ point” is 
marked with barrier tape on both sides of the transect, so that, during the walk, the 
operator has a reference point and can check that he/she is on schedule. All specimens 
observed within the transect are recorded, taking note of the sex of each animal (using 
the “unknown” option when it is impossible to recognise the sex of a flying uncaptured 
individual), the sector in which it is sighted, the height of flight (<2 m, >2 m) and the 
relative position on the track (left, centre or right) for both flying and walking indi-
viduals. The transects are carried out by one operator and only on days with suitable 
weather, i.e. without rain (only drizzle is acceptable), without strong wind and with a 
temperature above 13°C. For each survey, the transect direction is inverted to avoid the 
same end of a transect always being visited at the same hour.
Collecting remains of predation along transects
This method (hereafter: Remains) is based on the search and collection of remains of 
stag beetles predated by birds or mammals (Campanaro et al. 2011b) and it is similar 
to the collection of remains of dead specimens, killed by vehicles along road transects 
(Harvey et al. 2011b). The remains are mainly found after the predation of adult bee-
tles by corvids (jays, magpies or crows) which discard the hardest parts of the exoskel-
eton. The collection of remains is undertaken along transects such as those previously 
described for sightings of live beetles. If grasses grow on the path, their height should 
be low enough to allow easy sightings of the remains (Figure 7). The collection of 
remains is carried out by one operator during daytime. All remains are collected and 
preserved dry in paper bags. Each paper bag reports date, identification code of the 
bag, transect and sector of collection, number of specimens (counting is performed by 
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Figure 7. Examples of transect paths: A Bosco della Fontana (photo by I. Toni) B Foresta della Lama 
(photo by M. Bardiani).
considering all the body parts, reasonably belonging together, as one specimen) and 
type of remains collected (e.g. elytra, pronotum, head, whole specimens). Date, num-
ber of transect, operator, start and end time of transect and position reference of the 
paper bag along the transect are also reported on the field-sheet.
Capturing individuals along transects at dusk
The method (hereafter: Net-transect) is based on the live capture of the highest pos-
sible number of individuals sighted at dusk along transects. The aim of the capture is to 
obtain a reliable taxonomic identification for each individual sighted and avoid confu-
sion of L. cervus with other related species where they live together (e.g. L. tetraodon in 
central Italy). The method is undertaken along transects with the same technical speci-
fications (length, duration, time of the day, direction of the walk) of Sightings. Before 
starting the walk, containers for temporarily storing the beetles captured in each sector 
are placed every 100 m along the transect (at the five ends of each 100 m run includ-
ing the final point). Each individual sighted or captured is noted in the same way as 
described for Sightings. Flying beetles are captured with a net (circular frame diameter: 
50 cm; telescopic handle: up to about 2 m) while walking beetles are seized by hand. 
At the end of the whole transect, the operator walks back to take photographs of indi-
viduals with doubtful identification and then releases all the beetles into their sector.
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Capturing individuals in selected points at dusk
The method (hereafter: Net-point) is based on the capture of all individuals sighted, 
when they rush to swarm in a wide clearing that may represent a place preferred by stag 
beetles for mating at dusk (Chiari et al. 2014). All individuals are temporarily captured 
during the collecting survey and kept into separate vials as described for Net-transect 
method. The equipment of the operator (net and containers) is the same as the previ-
ous method Net-transect.
Baited traps
The method (Bardiani et al. 2017, Redolfi De Zan et al. 2017) is based on baited and 
aerial traps, previously used by several authors (Allemand and Aberlenc 1991, Mason et 
al. 2002, Vrezec and Kapla 2007), but modified into non-lethal traps (Campanaro et al. 
2011a, Corezzola et al. 2012). Traps (Figure 8) are handmade and consist of two stacked 
HD polyethylene jars (1,000 cm3 each). The upper jar is the capture chamber and has the 
lid modified with a plastic funnel (diameter: 10 cm; stem: cut out to create an opening 
of 4 cm diameter). The bottom of this upper jar is cut out and connects with the lower 
jar which contains the bait as a liquid mixture. A 2 × 2mm mesh wire net separates both 
jars. The wire net prevents specimens entering the trap and falling into the liquid bait. 
Two mixtures were tested as baits: (i) red wine, beer and mashed banana (RwBeBa) and (ii) 
red wine, white wine and sugar (RwWwS). The mixtures were prepared a week before trap 
setting. For each litre of mixture (made up of 50% of each of the two liquids), 220–330 
g of banana or 220 g of sugar were added. The final volume of bait per trap was about 
500 cm3. Traps can be hung on trunks (1.5–2 m above ground) but also set up at canopy 
level (10–20 m) using a tree-climb slingshot (BigShot by Sherrill tree) for the launch of 
the “lift-up” and “pull-down” rope. Traps were checked every morning from 08:00h to 
13:00h to avoid the death of individuals. Traps were activated on Monday, remained ac-
tive for 4 days (i.e. surveys) and deactivated on Friday. This method is the same used for 
monitoring of Cerambyx cerdo (Redolfi De Zan et al. 2017).
Sampling plan
The methods were tested in two areas: Bosco della Fontana (hereafter: BF; Mantova, 
Lombardy; coordinates: 45.200299°N, 10.740841°E) (Figure 9) and Foresta della 
Lama (hereafter, FL; Bagno di Romagna, Emilia-Romagna; coordinates: 43.8311°N, 
11.8379°E) (Figure 10). BF is a small fragment of lowland hornbeam-oak forest, at 25 
m a.s.l. FL is part of a wide system of mountain deciduous forest, dominated by beech 
and other broadleaf trees, ranging from 600 m to 1,800 m a.s.l. (transects were located 
about 700 m a.s.l. whereas baited traps were set from 600 m to 900 m a.s.l.). Further 
details about the study areas are described by Carpaneto et al. (2017).
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Figure 8. Baited trap for stag beetles (see construction details in the text) (photo by A. Cini).
The methods were tested from 2014 to 2016. Sightings and Remains were repeated 
in both study areas during the 3 years, while the method Net-transect was tested only 
in the last two years (Table 1). These methods were tested along the same 4 transects 
(Figures 9 and 10) and the transects remained the same from year to year. Each transect 
was monitored once a week and, in 2014, all transects were undertaken on the same 
day at BF. In 2015 and 2016, in both areas, monitoring methods at dusk (Sightings 
and Net-transect) were undertaken on the same day, along two different transects. The 
two methods were never perfomed at the same time on the same transect. At the end 
of each week, both methods were carried out for all 4 transects.
The method Net-point was undertaken only in 2014 at BF (Table 1). Four clear-
ings (approximately circular; mean diameter: 46 m) were checked in the same day, 
once a week, from 20:00h to 21:20h. Each clearing was checked for 15min. At each 
survey, the order of sampling of clearings changed.
Baited traps were tested in different years in the two study areas (Tables 1 and 2). 
In 2014, at BF, to test the attraction of the bait and trap height, 48 traps were set, 
arranged in eight replicates. Each replicate consisted of six traps, set in pairs on three 
trees. On each tree, a trap was set at canopy level on tree branches (10–20 m height; 
high) and another trap on the lower part of the trunk (1.5–2 m height; low). Each pair 
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Figure 9. Map of Bosco della Fontana with the sampling sites (black dotted lines: transects for Sightings, 
Remains and Net-transect; white dots: clearings for Net-point; grey squares: trap sites in 2014 and 2016; 
black squares: trap sites in 2016; white squares: trap sites in 2014).
Figure 10. Map of Foresta della Lama with the sampling sites (black dotted lines: transects for Sightings, 
Remains and Net-transect; black squares: trap sites in 2014, 2015 and 2016; grey squares: trap sites in 
2014 and 2015; shaded squares: trap sites in 2014; white squares: trap sites in 2016).
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Table 1. Sampling plan at Bosco della Fontana (BF) and Foresta della Lama (FL) during the three years 
of monitoring. N = number of transects or traps; S = number of surveys; * indicates the number of surveys 
per transect.
Site Method
2014 2015 2016
N S Dates N S Dates N S Dates
BF
Sightings 4 10* 20.5–22.7 4 8* 25.5–16.7 4 6* 6.6–14.7
Remains 4 10* 20.5–22.7 4 10* 20.5–22.7 4 7* 1.6–14.7
Net–transect – – – 4 8* 25.5–16.7 4 6* 6.6–14.7
Net–point 4 9 22.5–17.7 – – – – – –
Baited traps 48 32 27.5–18.7 – – – 54 24 31.5–8.7
FL
Sightings 4 7* 7.7–5.8 4 7* 22.6–7.8 4 5* 27.6–28.7
Remains 4 2* 6–11.7; 3–8.8 4 7* 22.6–7.8 4 5* 29.6–27.7
Net–transect – – – 4 7* 22.6–7.8 4 5* 27.6–28.7
Baited traps 36 8 6–11.7; 3–8.8 32 16 23.6–7.8 24 20 28.6–29.7
Table 2. Overview of the trap sample and number of traps set in the two study areas, Bosco della Fontana 
(BF) and Foresta della Lama (FL), during the three years of monitoring. Baits: RwBeBa (Red Wine, Beer, 
Banana); RwWwS (Red Wine, White Wine, Sugar); Control (empty traps used as control). Height at which 
traps were set: High (above 10 m), Low (1.5–2 m). Variation in ageing of the mixture: Never (mixture 
never changed during the season); 3 weeks (mixture changed once during the season: after three weeks); 2 
weeks (mixture changed twice during the season: every 2 weeks).
Bait Height Ageing
2014 2015 2016
BF FL BF FL BF FL
RwBeBa
High Never 8 9 – – – –
Low Never 8 9 – – – –
RwWwS
High
Never 8 9 – 16 18 12
3 weeks – – – – 18 –
2 weeks – – – – 18 –
Low
Never 8 9 – 16 – –
3 weeks – – – – – –
2 weeks – – – – – 12
Control
High – 8 – – – – –
Low – 8 – – – – –
of traps (high and low height) was baited with a different mixture: RwBeBa, RwWwS, 
or empty as a control. Traps were checked for eight weeks (Table 1). In 2014, at FL, 
36 traps were set on 18 trees (two traps per tree) and hung at two heights as described 
for BF (Table 2). The baits used were the same as those set at BF but no empty traps 
were set (Table 2). Traps were checked for two weeks. In 2015, traps were set only at 
FL. The overall number of traps set was 32 on 16 trees, half of them at high height and 
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the other half at low height. Traps were checked for four weeks. The only bait used was 
RwWwS (Table 2). In 2016 at BF, 54 traps were set, arranged in 18 replicates, each one 
consisting of three traps, all baited with RwWwS but with three different fermentation 
classes (ageing): (i) the mixture was never changed during the study season, (ii) the 
mixture was replaced every third week and (iii) the mixture was replaced every second 
week (Table 2). In 2016, at FL, the overall number of traps set was 24 on 12 trees, half 
of the traps at high height and half at low height. Traps were checked for five weeks. 
The only bait used was RwWwS (Table 2).
Statistical analysis
The Chi-Square test was used to detect differences between the number of females and 
males for each monitoring method adopted. Individuals without sex identification (i.e. 
Unknown) recorded during the method Sightings were not taken into account.
To compare the number of Remains with the number of Sightings, the former 
were considered in two ways: (i) each head found (including whole specimens) was 
counted as one individual (hereinafter: head counting) and (ii) the remains likely be-
longing to the same individual were counted as one (total counting). In addition, for 
the method Net-transect, the percentage of individuals collected (captures) was com-
pared to the sum of both sighted and captured individuals (sightings+captures) along 
the same transect during a given survey.
Occupancy models were applied to estimate the detection probability (p^) of the 
different methods tested (Nichols et al. 2008). In particular, “single species, single 
season occupancy models” were used for the methods Sightings, Net-transect and Re-
mains, whereas “single species, single season, multi-method occupancy models” were 
used for Baited traps. In the first case, detection probability was modelled as a constant 
over time (p) or time-dependent (pt). In the second case, detection probability was 
modelled as constant over time and detection methods (p), as time-independent but 
different amongst methods (ps), as time-dependent but constant amongst methods (pt) 
or with methods as an additive effect with time-period (ps+t). Small-scale occupancy (θ), 
which corresponds to the presence of the species at the sample station, was modelled as 
either time-independent (θ) or time-dependent (θt). Models were ranked in decreasing 
order of their values of AIC (Akaike Information Criterion) and models with ∆AIC 
≤ 2 from the top model were selected (Burnham and Anderson 2002). Analyses were 
carried out using the programme PRESENCE (Hines and MacKenzie 2004).
A Kruskal–Wallis test was used to compare the number of contacts between tran-
sects of the same study area, within a given sampling method: Sightings, Remains (to-
tal counting) or Net-transect (captures). These analyses were performed using STATIS-
TICA 7.0 (StatSoft Inc.), with a significance level of 0.05 to reject the null hypothesis.
Regarding the capture performed by traps, only the datasets with sufficient cap-
tures were considered (i.e. BF 2014 and 2016; Table 3). The dataset BF 2014 was used 
to test the degree of attraction of the two different mixtures (RwBeBa and RwWwS) and 
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the two heights (high and low) (the dataset BF 2014 is the same used in Bardiani et 
al. 2017). The dataset BF 2016 was used to test the degree of attraction of the mixture 
ageing (three different fermentation classes, as defined above).
Results
Capture data
At BF, Sightings and Remains (total counting) methods provided the highest number 
of contacts with L. cervus individuals for all three years (Table 3). Sightings provided 
the highest mean values of contacts per transect and survey (Table 3). At FL, Sightings 
provided the highest number of contacts during 2014–2015 (53 and 100 respectively) 
while, in 2016, the highest number of contacts was provided by the sum of captures 
and sightings carried out by the Net-transect method (Table 3). These results were 
confirmed by mean values (Table 3). Remains and Baited traps methods carried out at 
FL provided the lowest number of contacts with L. cervus (Table 3).
Head counting was 25% to 86% of the total counting, indicating that there was 
no constant proportionality between both ways of estimating individuals based on 
remains.
The percentage of individuals captured with respect to the sum of individuals 
sighted plus captured during the Net-transect method, varied from 0% to 100% and 
it was not dependent on the number of individuals sighted. The percentage of times 
in which the operator was able to collect all the individuals, per area and year, varied 
from 12% to 41%.
The Chi-Square test showed a general and significant higher number of males, 
with the exception of Remains at FL (χ2 = 0.266, P = 0.606) (Table 4).
No significant differences in number of contacts were found amongst transects for 
BF (P = 0.051 or higher) or for FL (P = 0.077 or higher) in any of the three sampling 
methods tested (Table 5).
Sightings data from BF (Figure 11) showed a peak of activity (as maximum mean 
value of contacts for transect and survey) at the 26th week of the year for all three years. 
Compared with Sightings data, Remains data provided slightly later peaks during 2014 
and 2015 (Figure 11). Compared with Sightings data, Net-transect data showed a dou-
ble peak at the 25th and 27th week in 2015 and an earlier peak at the 25th week in 2016.
At FL, the peak of activity shifted between the 27th and 29th week (Figure 12). 
Sightings data showed two peaks in 2014 (27th and 29th week), one peak in 2015 (28th 
week) and two peaks in 2016 (28th and 29th week) (Figure 12). Net-transect data pro-
vided a similar trend, with a peak at the 27th week in both 2015 and 2016 (Figure 12). 
The sum of captures and sightings, both undertaken by Net-transect, showed a peak at 
the 28th week (Figure 12). In all three years, Remains data (both head and total count-
ing) never produced mean values higher than 1.0.
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Table 3. Summary of number and mean values (in brackets) of contacts (c = captures; s = sightings; sp = 
specimens; Tot = total counting; head = head counting) for each method, in the two study areas Bosco 
della Fontana (BF) and Foresta della Lama (FL) during the three years of monitoring.
Method Contact type
BF FL
2014 2015 2016 2014 2015 2016
Sightings s 156 (3.9) 143 (4.9) 195 (8.1) 53 (2.4) 100 (3.6) 151 (7.6)
Remains
(Tot) sp 152 (3.8) 150 (3.8) 202 (7.2) 4 (0.5) 14 (0.5) 7 (0.4)
Remains (head) sp 87 (2.2) 81 (2.0) 146 (5.2) 1 (0.1) 12 (0.4) 4 (0.2)
Net-transect c – 80 (2.6) 91 (4.0) – 47 (1.7) 110 (5.5)
Net-transect c+s – 134 (4.3) 153 (6.7) – – 210 (10.5)
Net-point c 41 – – – – –
Baited traps c 33 – 103 1 4 9
Table 4. Number of males (M), females (F) and unidentified (U) individuals contacted with different 
methods at Bosco della Fontana (BF) and Foresta della Lama (FL).
Site Method M F U DF chi-square P
BF
Sightings 380 40 74 1 164.58 0.001
Remains (head) 281 33 – 1 116.03 0.001
Net transect (captures) 166 5 – 1 91.38 0.001
Net points (captures) 40 1 – 1 23.99 0.001
Baited traps 117 19 – 1 40.58 0.001
FL
Sighting 259 5 38 1 159.98 0.001
Remains (head) 11 8 – 1 0.27 0.606
Net transect (captures) 151 28 – 1 47.92 0.001
Baited traps 14 1 – 1 6.98 0.01
Detection probability
The detection probability, for all methods based on transects, was more or less depend-
ent on time as a function of the study area and year. Overall, the detection probability 
for Sightings and Net-transect seemed to be more influenced by time than for Remains 
(Table 6).
The detection probability for Sightings and Net-transect methods was higher than 
0.50 for both study areas in all three years (Figure 13). The highest detection prob-
ability for Sightings was in 2016, reaching 0.83 (± 0.07) in BF and 0.85 (± 0.08) in FL 
(Figure 13). For the method Net-transect, the highest value of detection probability 
was registered in 2015 at BF (0.81 ± 0.03) and the lowest in 2015 at FL (0.54 ± 0.09) 
(Figure 13). For the method Remains, the detection probability was in general lower 
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Table 5. Results of the Kruskal-Wallis test comparing the total number of contacts recorded during the 3 
years (2014–2016) amongst the four transects at Bosco della Fontana (BF) and Foresta della Lama (FL), 
for three sampling methods (Tot = total counting).
Method
BF FL
DF N H P DF N H P
Sightings 3 12 5.974 0.113 3 12 6.843 0.077
Remains (Tot) 3 12 7.758 0.051 3 12 2.947 0.400
Net-transect (captures) 3 8 6.452 0.092 3 8 4.849 0.183
Figure 11. Phenology of the stag beetle L. cervus at Bosco della Fontana during A 2014 B 2015 C 2016. 
Black dashed-pointed line is the mean value of Sightings; Black dashed line is the mean value of Remains 
collected along transects; Grey dashed line is the mean value of Remains (heads). Black line is the mean 
value of captures by Net-transect; Grey line is the mean value of the sum of capture specimens and sight-
ings performed by Net-transect. Weeks are expressed as the corresponding week of the year. The mean 
value of Remains at 26th week of 2016 is 22.
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Figure 12. Phenology of the stag beetle L. cervus at Foresta della Lama during A 2014 B 2015 C 2016. 
Black dashed-pointed line is the mean value of Sightings; Black dashed line is the mean value of Remains 
collected along transects; Grey dashed line is the mean value of Remains (heads). Black line is the mean 
value of captures by Net-transect; Grey line is the mean value of the sum of capture specimens and sight-
ings performed by Net-transect. Weeks are expressed as the corresponding week of the year.
Figure 13. Detection probability values and relative standard error (SE) for the methods Sightings, 
Remains and Net-transect, in the two study areas Bosco della Fontana (BF) and Foresta della Lama (FL) 
in three years 2014–2016.
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Table 6. Summary of model selection statistics for three methods, during the seasons 2014–2016 at 
Bosco della Fontana (BF) and Foresta della Lama (FL). K represents the number of parameters in the 
model and -2Log (L) is twice the negative log-likelihood value. Akaike Information Criteria (AIC) and 
Akaike weight (w) were calculated for each model. ∆AIC represents the difference in AIC value relative 
to the top model. Detection probability (p) may be constant (.) or vary amongst sampling occasions (t).
Site Method Year Model K -2Log (L) AIC ∆AIC w
BF
Sightings
2014 psi(.),p(t) 11 23.54 45.54 0.00 1.00
2015 psi(.),p(t) 9 10.04 28.04 0.00 1.00
2016 psi(.),p(t) 7 9.00 23.00 0.00 0.79
Remains
(Tot)
2014
psi(.),p(t) 11 34.63 56.63 0.00 0.65
psi(.),p(.) 2 53.84 57.84 1.21 0.35
2015 psi(.),p(.) 2 53.84 57.84 0.00 0.98
2016 psi(.),p(.) 2 26.28 30.28 0.00 0.92
Net-transect 
(Captures)
2015 psi(.),p(t) 9 5.55 23.55 0.00 1.00
2016 psi(.),p(t) 7 8.32 22.32 0.00 0.95
FL
Sightings
2014 psi(.),p(.) 2 28.84 32.84 0.00 0.84
2015 psi(.),p(t) 8 13.50 29.50 0.00 1.00
2016
psi(.),p(.) 2 16.91 20.91 0.00 0.64
psi(.),p(t) 6 10.04 22.04 1.13 0.36
Remains
(Tot)
2014 psi(.),p(.) 2 15.44 19.44 0.00 0.88
2015 psi(.),p(.) 2 36.50 40.50 0.00 0.91
Net-transect
(Captures)
2015
psi(.),p(.) 2 38.67 42.67 0.00 0.66
psi(.),p(t) 8 28.04 44.04 1.37 0.34
2016 psi(.),p(t) 6 9.00 21.00 0.00 0.82
Table 7. Summary of the number of captures (N) by baited traps and relative detection probability (p) 
(Standard Error in brackets), for setting position of the trap (High: above 10 m; Low: 1.5–2 m) and for the 
type of bait (RwBeBa: Red Wine, Beer, Banana; RwWwS: Red Wine, White Wine, Sugar; Control: empty 
traps used as control). Change of the mixture is indicated in brackets when expected (3 weeks: changed 
once during the season; 2 weeks: changed twice during the season; never: never changed during the season).
Setting Bait
2014 2016
N p (SE) N p (SE)
High
Control 0 – – –
RwBeBa
(never) 12 0.04 (0.02) – –
RwWwS
(never) 11 0.06 (0.03) 48 0.09 (0.04)
RwWwS 
(3 weeks) – – 36 0.07 (0.03)
RwWwS 
(2 weeks) – – 19 0.02 (0.01)
Low
Control 0 – – –
RwBeBa 5 – – –
RwWwS 5 – – –
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and more variable than for the other two methods based on transects. The lowest value 
for this method was registered at FL in 2014 (0.19 ± 0.10) and the highest value at BF 
in 2016 (0.82 ± 0.07) (Figure 13).
For traps, in 2014 the model showing more support was the one in which the de-
tection probability was different amongst the methods (i.e. different mixtures) but not 
dependent on time (Bardiani et al. 2017). In 2016, the more supported model was the 
one with the detection probability depending on both method (i.e. different ageing) 
and time period with an additive effect.
In 2014, traps set at high height, performed better than traps set at low height at 
capturing individuals and also allowed the evaluation of the detection probability (Ta-
ble 7) (Bardiani et al. 2017). In addition, traps baited with RwWwS showed a detection 
probability a little higher than those baited with RwBeBa (Table 7).
In 2016, only traps baited with RwWwS were used. Traps set at the beginning of 
the study period with no substitution of the bait, provided the highest detection prob-
ability (Table 7).
Discussion
The standard method for the monitoring of Lucanus cervus
At BF, the methods Sightings and Remains (total counting) were those which provided 
higher values for the total and mean number of contacts per transect and survey. Net-
transect captures were lower than Sightings contacts (and the earlier Net-point method 
provided even less contacts). This result is expected because it was impossible to collect all 
the individuals sighted with a net (e.g. due to the height of flight of many individuals, to 
the expertise of the operator or even to the topography and characteristics of the transect). 
In fact, if sighted individuals (i.e. not captured but sighted) are counted with the captures 
(Net-transect captures+sighting), the number of contacts was close to the one provided by 
the Sightings method. The same patterns were found at FL, except that the Remains meth-
od provided a very low number of contacts. The Baited traps method provided the lowest 
number of captures compared with methods undertaken by Net, Remains or Sightings.
Sighting and Net-transect methods had sufficient time resolution to detect the 
peak of the activity for the species in both study areas, while Remains provided a peak 
only for BF but not for FL. The peak of activity was earlier at BF in the lowlands, than 
at FL in a mountainous area. This difference in phenology is supported by a citizen 
science approach, through the three years’ study on the five saproxylic beetles of the 
MIPP (Campanaro et al. 2017). Both approaches also showed a longer adult activity 
period in the lowlands, compared with the mountainous areas.
All five methods tested showed a detection bias towards males. For transects at 
dusk, this is in line with others studies (Campanaro et al. 2016) and it was expected 
due to the less elusive character of the males and their propensity to fly at dusk, as sup-
ported by a recent radiotelemetry study carried out at BF (Tini et al. in press). Only 
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the Remains method undertaken at FL showed no differences in sex detection, but this 
may be due to the very low number of contacts provided.
For Sightings and Net-transect methods, no significant difference was found in 
the number of contacts performed between the transects of a study area. This means 
that all transects were equally representative of the population and four transects were 
sufficient to carry out monitoring for the species in contrasting study areas: an iso-
lated fragment of lowland forest (e.g. BF) and a large montane forest (e.g. FL). On 
the contrary, the statistical results obtained by the Remains method at BF, should be 
considered significant, if supported by inhomogeneous distribution of the remains in 
the study area reported by Campanaro et al. (2011b). This means that the number of 
remains collected was affected by the choice of the transects, thus not all transects were 
really representative of the population. The result obtained by Remains at FL might 
seem to be in contrast with the previous consideration. In reality, the number of re-
mains collected was too low to emerge as a real difference for the representation of the 
population for each transect.
At BF, all three transect-based methods provided high detection probability values. 
By contrast, baited traps showed a much lower detection probability even with the best 
bait and the high sampling effort. At FL, Sighting and Net-transect provided the high-
est values of detection probability while the Remains method performed much worse. 
This could be due to the fact that FL is a much more extended area than BF and the 
populations of L. cervus, as well as the populations of birds preying on it, can be spread 
in a more extended area. Data from Baited traps did not provide a suitable detection 
probability value because captures were extremely low. Furthermore, in this study area, 
Baited traps presented an additional problem: the capture chamber was often occupied 
by dormice (Glis glis) (Figure 14). In both study areas,  the detection probability values 
obtained for transect methods were highest in 2016. This increase is explained by the 
fact that, in 2016, the sampling effort was concentrated around the peak of activity 
and only few surveys without sightings were recorded (almost all surveys without data 
occurred in 2014 and 2015 at the beginning of the season).
In conclusion, Sighting individuals along transects at dusk allows a large amount 
of contacts and higher detection probability values in different natural areas. The 
method is very cheap in terms of cost and time but certainly it needs skilled operators 
able to recognise the stag beetle without capture; furthermore it should be applied in 
an area with a definite L. cervus population. The use of a net to perform these tran-
sects, solves the identification problem but it reduces the number of contacts (cap-
tures) which depends on different factors (operator abilty, height of beetle flight). The 
captures+sightings counting should increase the number of contacts but the identifica-
tion problem partially remains and, in comparison, the Sighting method is cheaper 
and faster than Net-transect. Collecting remains along transects is also cheaper and 
faster and does not need to be undertaken in the evening but, in the authors’ opinion, 
there are several problems related to the influence of the predation rate on the final 
result. The use of Baited traps, which provided useful ecological data (e.g. vertical use 
of space), seems to be the less suitable method as the advantage of being performed 
during daytime does not compensate for the low number of contacts provided, the 
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Figure 14. Dormouse captured in a baited trap at Foresta della Lama (2 July 2015). The photographs 
show that the animal survived in the trap due to the metallic net fixed between the bait chamber and the 
capture chamber (Photos by M. Bardiani and J. Rӧder).
high frequency of monitoring required (daily instead of weekly) and the time spent 
for each session (about 4 hours per day for at least 2 operators, instead of 1 hour for a 
transect survey). Furthermore, the low detection probability values suggested a massive 
sampling effort which is difficult to maintain.
Without doubt, the method Sighting individuals along transects at dusk results is 
the most suitable standard monitoring method for L. cervus, in terms of cost and re-
sults obtained. Collecting remains of predation along transects and Capturing individ-
uals along transects at dusk should be taken into account during preliminary surveys 
of areas where information about the presence of the stag beetle is not available or in 
overlapping areas between two or more Lucanus species. Only when other species, like 
flower-chafer (Bardiani et al. 2017) or Longhorn-beetles (Redolfi De Zan et al. 2017), 
have to be monitored in addition to the stag beetle, the use of baited traps could also 
be considered for L. cervus (Bardiani et al. 2017).
Description of the method
The monitoring method consists of walking at dusk, along a standard length transect 
(500 m long and 10 m width) and counting all the adults of stag beetle seen flying or 
walking on the ground. This transect is carried out by one operator, from 15 minutes 
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before sunset to 15 minutes after sunset. On the whole, a transect walk lasts 30 min-
utes. The transect is divided into 5 sectors of 100 metres each and each sector should be 
walked in 6 minutes. Transects must be chosen along forest paths, tracks or roads with 
acceptable light conditions at dusk and with a suitable canopy openness (Figure 15). It 
is important to choose the transects only after the trees are turning green in spring and 
not before this period (to evaluate the real light conditions of the monitoring period). 
The monitoring method has to be carried out by trained operators or personnel able to 
recognise the stag beetle in flight.
Protocol, materials and equipment
The first step is to select the transects within the study area (up to 4 transects for a 
single study area), to measure the standard length of 500 m and to take the coordinates 
of the Start and End points of each one. Then, the positions of every hundred metres 
along the transect need to be marked with barrier tape (or other indicator: e.g. a num-
bered plate) on the right and left sides of the transect. The second step is to choose the 
weekly monitoring day for performing the surveys: (i) a single day if all the transects 
are checked on the same day (in this case, it is necessary to provide more than one op-
erator) and (ii) up to 4 days if only one transect is checked per day. Setting the days is 
Figure 15. Canopy cover along a transect at Bosco della Fontana (photo by M. Bardiani, APS-C camera, 
8 mm lens).
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necessary to schedule every survey, as well as identifying the sunset time of each week 
(many websites, smartphone application or GPS function provide this information for 
specific localities or for any coordinates) and defining the walk direction of each survey. 
The walking direction of the transect should be inverted at every survey to reduce the 
possibility of sightings related to the space structure of the transect.
In total, for each transect, six surveys (i.e. six weeks) for lowland areas up to 400 
m a.s.l. and five surveys (i.e. five weeks) for hilly and mountainous areas over 400 m 
a.s.l. are proposed. Surveys have to be chosen around the activity peak. The suggested 
monitoring period is between the 23rd and 28th week of the year for lowland areas and 
between the 26th and 30th week for hilly and mountainous areas. However these periods 
should be adjusted according to previous knowledge about stag beetle populations at 
the local level. If no direct information is available on the flying activity of stag beetles 
at local level, a preliminary study should be conducted in the year previous to starting 
the survey to obtain data on climatic conditions, extended sampling period and direct 
observation of stag beetle activities.
Just before starting the survey, the first part of the field-sheet (modified from Cam-
panaro et al. 2016; see Suppl. material 1: field-sheet) must be completed (day, month, 
year, weather conditions, initial temperature and humidity recorded by a thermohy-
grometer). Fifteen minutes before the sunset time, the surveyor starts to walk. It is 
important to maintain a steady pace along the entire length of the transect (walking 
speed of 0.28 m/s), adjusting the walking speed by observing the hundred-metre point 
marks in relation to the time (to perform 100 metres every 6 minutes). For the same 
reason, the use of a chronometer or a wristwatch which can be easily checked during 
the work without distracting the observer’s attention from visual hunting, is required. 
Every sighting is registered on the field-sheet with a letter and a number as a code 
indicating the sex of the beetle (using the “unknown” option when it is impossible to 
recognise the sex of a flying individual) and the behaviour (i.e. height of flight <2 m, 
>2 m or walking individuals). With the advancing time, the light will tend to weaken 
and it is important to also pay attention to sounds from the vegetation at the sides of 
the transect to detect beetles which are flying or walking by listening for humming or 
rustling (on dry leaves on the ground) respectively. It is important to pay attention to 
individuals which fly in circles and/or back and forth from the observer. Although a 
certain number of ‘double counted’ stag beetles with a consequent over-estimation of 
their number in every session is already expected for this method, individuals should 
be counted only once.
During the transect, it is possible to encounter other species of beetles. In this case, 
the operator should note their presence in the field-sheet note box (while attempting 
to be as accurate as possible). At the end of the survey, the operator completes the field 
sheet with time, temperature and humidity.
In order to provide data for the National Report, which each Member State must 
produce in the aims of article 17 of the Habitats Directive, the monitoring should be 
carried out at least twice during the 6-years period. In Table 8, the main aspects of the 
method and protocol (including materials and equipment) have been summarised.
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Table 8. Summary of the main aspects of the monitoring method Sighting individuals along transect at dusk.
Number of transects from 1 to 4
Distance between transects at least 200 m
Length transect 500 m
Transect subdivision 100 m
Monitoring period June–July
Number of repeats and survey weeks of the year 
suggested (for areas up to 400 m a.s.l.)
6
(23rd–28th)
Number of repeats and survey weeks of the year 
suggested (for areas over 400 m a.s.l.)
5
(26th–30th)
Survey frequency (for each transect) Once a week
Survey-time of the day Dusk time
Survey period
30min.
(from 15min before to 15min after sunset)
Number of operators 1 per transect
Equipment for transect design Measuring tape, barrier tape (or numbered plates), GPS
Survey equipment A clipboard, a field sheet, a head torch, a pencil, a clock, thermohygrometer
Constraints and possible interferences
The surveys should be carried out when the temperature is above 13°C. The method is 
feasible in case of light rain and cloudy weather, but not with extremely bad weather 
conditions (heavy rain, strong wind). In these cases, it is better to postpone the proce-
dure to the next evening (or at the first ‘free’ day, if other transects are expected during 
the week). If the survey cannot be postponeed, it will be cancelled.
Another issue is the lack of visibility inside the forest, especially after sunset or in 
the presence of a leaden sky, making it difficult to distinguish a flying stag beetle from 
other species with similar flight (e.g. Oryctes nasicornis, Prionus coriarius). A failure in 
sighting (individual not seen or misunderstood) means an under- or over-estimation 
of sightings. For this reason, it is highly recommended to prefer transects with an open 
canopy above the path and no dense undergrowth (as stag beetles tend to fly along 
corridors within the forests, with scarce vegetation) and to find good light conditions 
at the time of dusk.
In overlapping areas (where L. cervus co-exist with L. tetraodon or there are inter-
mediate forms: see the paragraph Systematics and Distribution), the monitoring meth-
od Sighting individuals along transects at dusk should be undertaken after preliminary 
surveys (possibly in the former year) using other methods (i.e. Capturing individuals 
along transects at dusk and Collecting remains of predation along transects).
Despite the poor attraction provided by baited traps, it is highly recommended 
to space the transect at least 100 m from the nearest trap (e.g. used for monitoring of 
Cerambyx cerdo).
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Furthermore, mist-nets for the monitoring of birds or bats should not be set in 
the surrounding areas because beetles are easily entangled by nets and releasing them is 
very difficult and time-consuming (Carpaneto et al. 2011a).
Spatial validity
A telemetric study, conducted at BF focusing on calculating the individual home range 
size of the stag beetle (Tini et al. 2017b), can provide assistance in estimating the spa-
tial validity of the selected method by understanding the dispersal ability of the species. 
The home range was calculated by two methods: the minimum convex polygon (MCP) 
and the Fixed Kernel Density Estimation (KDE). The KDE method provided meas-
ures of probability for finding an individual in a particular location (Worton 1989). 
The home range size did not result in being statistically different between the sexes. In 
particular, the MCP mean values were about 7,600 m2 for males and about 3,500 m2 
for females. The median values of KDE with 95% probability (KDE 95%) were about 
14,500 m2 for males and 9,500 m2 for females. The KDE 50% gives information about 
the size of the individual core area (i.e. intensive use area) and the median values were 
about 3,850 m2 for males and 3,400 m2 for females. In the same study area, the median 
of the maximum distances (MMD) covered in a single relocation by males was 88 m 
(Tini et al. 2017b). Therefore, in homogeneous habitat conditions with high density 
of woody necromass and potential larval development sites (e.g. BF), the maximum 
survey area of the standard transect walk is: (MMD*2)*TL + MMD2*π (Figure 16). 
With a standard transect length (500 m long), the maximum survey area is about 11.2 
ha (88*2*500 + 882*π  = 112,328 m2).
Counting, quantification and data sharing
Quantitative information on population size, structure and dynamics is needed for 
assessing species extinction risk. The most common approach for obtaining detailed 
information on population size is to use the capture-mark-recapture method and to 
treat the data gathered in such a way, with parameterised mathematical models which 
allow the estimation of population abundance. Other recent developed modelling ap-
proaches permit: (i) an estimate of the population size of a species across the study 
area by only recording the presence-absence data over multiple surveys (Royle-Nichols 
Abundance Induced Heterogeneity model - RNAIH) (Royle and Nichols 2003) and 
(ii) an estimate of the population size across the study area by recording the abundance 
of the species over multiple surveys, without marking individuals (Royle Repeated 
Count model - RRC) (Royle 2004). These approaches include the use of dedicated 
statistical software (e.g. PRESENCE) based on complex mathematical modelling and, 
in some cases, have limitations that are still and continuously under development. The 
reviewing of specialised tools to obtain population size estimates from data gathered in 
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Figure 16. Graphic layout of a transect through the survey areas to show the spatial validity of the ob-
servations. MMD is the median of the maximum distance covered by a male in a single flight from the 
transect, as observed during the radiotelemetric fieldwork.
Table 9. Example of data summary and analysis, using the method of sightings along transect at dusk in 
2016 at Bosco della Fontana. Number of sightings (Nc) for each transect (A-D) and for each Survey (1-6), 
total sightings and mean value for survey (Ts, Ms), total sightings and mean value for transect (Tt, Mt) 
and mean value of sightings for survey and transect (K) are reported.
Week of the 
year Survey
Nc
Ts Ms
A B C D
23 1 0 0 0 1 1 0.25
24 2 13 2 1 2 18 4.50
25 3 21 18 6 13 58 14.50
26 4 18 18 18 10 64 16.00
27 5 10 11 14 7 42 10.50
28 6 3 2 0 7 12 3.00
Tt 65 51 39 40
 
Mt 10.83 8.50 6.50 6.67
K 8.13
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different ways, would greatly lengthen this paragraph, whose aim is instead to provide 
simple indications for homogeneously gathering and reporting ecological data on stag 
beetles obtained by the monitoring method, in data sheets shared with management 
authorities of protected areas. Therefore, at first it is suggested that the number of sight-
ings (males, females, unknown sex, total) are maintained in a register for each field ses-
sion, separated for each transect. Then, to obtain a value to be compared through the 
following years or with other study areas, the use of the mean number of sightings (K) is 
encouraged. This “Key number” is the mean of sightings for each transect and for a sin-
gle survey. Table 9 provides an example of stag beetle counting to obtain the K number.
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Data type: field sheet
Explanation note: Field sheet to be compiled during each survey, for each transect. Each 
sighting is registered with a code, in the exact point of detection along the transect 
(path). Codes are reported on the right column of the field-sheet. Examples of codes: 
male in flight over 2 m – M2; female walk on the ground – F0; L. cervus with uncer-
tain  sex-determination, in flight below 2 m – U1.
Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
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